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(54) MAGNETIC MEMORY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic memory whose one 
memory cell can store multivalue (more than three-value) information 
data. 

SOLUTION: A memory cell has at least a 1st magnetic layer 3, a 1st 
nonmagnetic spacer layer 4, a 2nd magnetic layer 5, a 2nd nonmagnetic 
spacer layer 6 and a 3rd magnetic layer 7. A plurality of the memory calls 
are arranged into matrix formation. Directions and intensities of currents 
applied to word lines are adjusted to control the magnetization states of 
the 1st, 2nd and 3rd magnetic layers independently. With this 
constitution, multivalue information data can be stored in the respective 
memory cells and accessed at random. 
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i^m i 3¥M&L*'<—y—m<D±.&><nm 2 m&m t , 

mm 2 V—S<d±&<dM 3 attJI t Sr'>4 

^^tt^^y-o 10 

[»#3g 2 ] ittJE^ * y — ir/KDtuEffl 1 Till 3 

3 ] mia#^ * y — tr/nowE* 1 7ss» 3 

te<D«*tE«i-*fll*S 1 E«o«tt^ -ey- 0 

[0001] 

# fc: J: o * y —fe/uSrJBi ^fc«H4<* 20 

[0 0 0 2] 

o«Yb^>tt«B*cj:0, ««tt«:k:*:*4»b*r*C*a 
««e*8S«ffi*t3b* (GMRSbJfl) ifftfft-Cv^S. 
^©aftSrWfflUfcKtt^^y— i Lt#i?7-6 6 
0 3 3-^^^|B«^tt^:S^ti|g^ixTV^-5 (JBi 
^^SSffT) o Wffl¥*7 - 6 6 0 3 3^«^|S«(7>« 
ttM^^D-l^ffl^tl^MRif (;*■=£- y — fc^O 30 
tt, 0 3 0 {ZTjk-rx 0 fctf 7 *S*. VUayll ^ 
^/i^^riM K*©ifc{b4fc*«ftif^b 4***8 8 
-hi-* 1 M&m 8l*5j:^l2 ^ttS 8 2 #c?HKttJI 8 

MS 2 ittKte«J|L^3i!&s*>*LriJ:<, fi£o relate 
I81tl2 8 2 fc 4: ;ifi-2f 

©»i»tti8i^y7h-efcfttf, m^<om2m^m 

[0 0 0 3] 12 3 0 tC^-fMRSl^tt, ft 1 S3H£JB 8 1 
*3«tU c *2«tt«8 2 0«<bO*-|Rj;6S, TOne#^ifn 40 

[0 0 0 4] 131 \$m 3 0 ^:^tMRif^V^/:7 

11, 12, -4:, #MRlfl i, 12, -\zmR& 

11, 2 1, 3 1, -tr3fijgLTSJtP>tL^I7— K*W 

1, W2, -*5±U«^rRj^afe-ff#MR*^-l 1, 1 

2, -•■^riS^-r*ir>'^^S 1 , S2, MRi^- so 



11, 12, •■•fc*;h,5m*«:&i:S*«#fil:fc Lt, 
fct^fiffifigcoirv^jKs 1, S2, -^SBRSJtsm 

as (ei^-fr-f) MRif 1 1, 12, -<omnM<o 
aMb&fcttii-s^a, fct*tf«aE©ae^b*fctt«BE<o 

aSfbSrSDe-rs** (H^-tf-f) t^&4otv>5 a 12 
3 0 *5j;tfl2 3 1 MjSVvr, Sl«ttS8 lC0i8ft«)* 
|p]dS*SrlBjv^fc^ffiSr "0" t L> s&SrlRjV^ttfSS: 
"1" <t L> "0" "1" 0 2fi©«iS:Eftt 

£ Q I28S18 2©«fbO*fi|H:4f*,fe«>ttll"et>fe 

[0 0 0 5] izt^lts [2 3 1 tiLifc^TMRSf^l 1 f£ 
7V^7^t7 (|5») Srm^fcV^S^tt, !7 — K 
iWl ir-fe^ilftS 1 {dmtfS^LT-^So e{b0^^3 
*felfi|#^*rfRl#36»tt, E»17— K«8ttSrEI^±|R]#^ 

>^IS 1 fc**iSEfiHr:<'*«*HU I5»!7— K»«K 

AD$ix5 0 «#RP^tt(oJSi«ttJio«fbttfeiRi#-c*>- 

*l«ttJl<75«fbtiE±SrfR]<o ^ttW 
#SrI&9 5fe5 4: (m«£ih#)££) , JfSlttttSOKfb 

ttWb****ffiTfc5£*rfti^«4i^#fcft 0, 

"0" ©B»#*Tt5o E*!7— KKIM^Ir] 

"l" OESi^TtS, K±OJ;5^, Eft!7-K« 
[0 0 0 6] 

"0 M M l" <7>2fitm-S-L^E»"C#4v\ *Eft* 
S^^TV^*^T*fi, -0(DMRf^C2l 
©«*U^E»^#4v^Ttt+»4E»**3flS»6ix 
4V\ ^fc, 0 3 0feJ:tJ«ia3 1 ^L^5Ko«tt» 

fc 0 *#»i:f4GMRJ!i*KJ: ««tto»bH: 5 %SS 
[0 0 0 7] MR^^tC^V^T. "fe>^«atfiKffijC5p 



* 
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[ooo8] ^(Drnz^mm^mm-r^^Kx^^^ 10 

IK^iVol. 20, No. 2, P369-37 
2, 1 9 9 6 (S! 3 <Dt£*&fl?) ) 0 ^OHJSTOfeV 

— Lit*© u^/w^—ist^ * y - ± 9 

2 w</k A^>aH4"e2«o{f#U'^^Sr^ffl 

irfcfcfta 5 * HI— ffitttc*3tt5 2@<£>{f-*§-w</L' 

fci^5IH«jRfcfc5. 40 
[0 0 0 9] ±EB«jSSr«*#38Wtt— oco^< y - 

[0 0 10] *&W<Dt&<DBtfy}^ #p«^y— fe/uofi 
St^SEfkt LT2 0%«±^3E^*#T. «#K>K*tH 

ui»^+»*s/NJt«r»sr. fc*S"e#a**«Btt^ 
y 5 1. £ r-&5 0 

[0011] 

#>> :©8fl|:±5«tt>*J-|j:*i8ttli 1 JBi so 



<nm 2 nw&^-v—m t , ^^aa**-*— y— ji 
<D±n<om 3 mam t < 1 3 ^^ey-t^ 

«com«^iBti-rar b&ftmk-rzo Kit 

fT*fR»c*5J:5^«^*ix. »i«ttJltf>fiyK^±0 
*«*2«ttJi<DfiHB*J: 19 fc£6fc:3S< r t 

[0012] * Lt, ±M<DmW<D* * y -ir/WS^ h 
!J ^^WcE«i-*ttfftV\ IP*,, ^^y-1r/w£ri7 

Y-^ hy y^^*r«rti-«J:5*j:-*-*LtfJ:v\ !7— KJft 

as 1 Tbmm 3 <o«tt»©«ibo*iR]S:*tL^ixaar lt 

[0 0 13] #^y — fe^^E«SixfcttllRtt*ft:tt 

[0 0 14] ^WJHflM^y — fe/WSSfeKl, i&M£)<D 
y— SSr^fr Ltil LT^i"* J: 5 LT fc i v>r 

«9^fiiom^— oto^ ^-y — fe/w^Eit-c*, 

[0 0 15] 

coK^co ItWttaH^ -5 r 

[ooi6] (mi <omm<Dwm) m 1 
i * y -<7)t;u7 u^r ^^-r 

E»Ht?*)5. iaio"5r*««:-c*ufc»^!6S7«*y — 
ir/wcfa^i-So B2it aifo^^y-t/uoi 

^^ey-o^^y — »ttSfii±[:TMi 

2, «1M3, *l*«tt^— y— »4, ^2^ 




7 <o^;& 5 ooes«-e*>5 D TS&m 

»*3«tU 5 *l-fe>'^j»S:«tiaTt^o ««<7>fe»tt:_bBB 

[0 0 17] H3I1 ±«»B8fcttffi©*«KlRl*tr 10 
^lfl$i4S3(C*5JtS«»^aS^3 0 O0e£JLbfc*« 

«8^6>**'*-S«*tt«ffi±-C«PtHa9T»fc9, Jgl 
Iftl3, JfS2fi&tt/i5, »3«tt»7(D«ft<D|n]#tt 

5, ft 3 SSttS 7 <D«tffc<E>|6] # ^FtTT'fe £ fc£> 

[00 18] 14(1 ±»ttC8tdK9<D*MNl::tiH* 

HS^fe* ( I 1 > I 2) o ««El2fi»3«tt»7^i3tt 20 

3^f£Ji7<^{bcD^£K^LTV>5o IP*,, fg3E£tt 
if 7 coKfbOfp] t #ft 1 ffitttJI 3 ^ 2 SSttJf 5 (Dmit 

H3<o*tffiJ: q t>fls< 

[0 0 19] I5ft ±gB««8^«H^*«l^lP]lt 
t\ Hl4co#^(7)mSft 1 2 J: t>iiS<m«E 1 1 £ so 
Bf3So«aEl3S:SKUfctttt-e*>S ( I i > I s > 1 2) o 
««ttl3tt®2«ttii5(0«»05fi$^l 0 O0eS^£ 

«I«i-sri:JcJ:!9»3«tt«7^«^ *5«fctfft3« 
ttJI 7 J: OfSflfcaas** < ft l M&m 3 J;8fl«A*/h 
^V^2a«e5^^t;Sr*(-StebTV>5o wOtt 

*l«tt/i3 0Wt<0|p]#dSJB2aMt»5 fc*3« 
ttS7coa{b^rS3#i:S 5 PtTf-^oT^S 0 «£{t:<£>ft# 
^SWlcftotv^iid^GMRM^J:!!, 40 

[0020] EJLL<oj;5fc:, &m<otimm<omk<ofa% 

J: or, -00^ * J - t/Hc*Hf «*Efikt 5 r t 
[0 0 2 1] 0 l tc^-f^y — t;U7 wr<G>[e]&IIIS: 

^-fev^S 1 (c@»ft£:SfcLT^S 0 «Yb©(Rl#s6S&^I so 
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#a>*Gl#a»M:, I If3-»DECY 1 tcj: 91S 
— ^EttDECY2JcJ: 0*3S»&*fl»[R]#liiilEi-3&»JcJ: 

1 {cmtiz>mm± >-*mmz. mmv- ^mmt 

ns 0 7- K»wi tty^Jls 1 fci:i5*da«^ 

^ h/u^^Ct 5 OOe. lOOOe, 3 0 OOeOlvftL 

1 0 OOeOt#^fiH5^i-«>fk©|6j#36S» 

fbji, 3 0 Ote<DhZ\^\*MZK^irmk<o\ft%i>mh 
£T\ p«^y — t/H 1 ^ttH3 7JrSH5^*-f 3ffi{f 

[0022] att^^y-^«it*jsfeSriJiwi- 

[0 0 2 3] (1)06 J: 5 *8ttSfi 1 O 

<OC r^K^r^ 7 ^ h y y^?7-f — 
fffc^TiSaSJ'U 0. 2-3. 

WitOTC/^- til KWH^JtL^o T§|5ffi^2 
»««2»cttfci:AH:Cu»i!ft4ftf«6ffl"C*5 0 * 

[0 0 2 4] (2) 07 iZ.Tjk'T X 0 {d, TUmM 2 C0± 
35. ^iU t T§Pmil2rS^T^^V^a'ttS«l<7) 
±*fl6l^ SB 1^14^3. »l*8tt^-f-i40 
**t-Pix*rlB»c»*i-*. *iBtt|3iiDC-7^h 

*>rxs<y? y ^^tcj: 19 c omm&mm-tZo ^<dc 

o 10-100nm, ffjl<|i30n mOJKi? 

tc^oV>Ti#ai~4 v t«J:v\ y v^^^c o — 

lilKW, #^?iat LT^ffitt#7tJ)5 A r O^f 

2 p a % »«aa;tt*aic**t^ixR3esn 

5 0 :^^7^yy^:i^ ®i^t4^3(7) 



(5) 
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&mjj&3 0 OOeSffitcK^StlSo 
[0 0 2 5] il*8tt^-f-S4H DC7^ 
h n y^Xy ^ y y i 5 a l Sr«8 L, :^)f(:A 

-<DXs<y* y >^ • ^ >v<-*-C\ Co*ffll^3l# 

<n*s*y* y • ^&*9aiLTBfcft4aa 
a i ii^^>>^y ^kba i h^ttffls 10 

*U !/ *©DC/<!7-|iO. 3KW, 

A r <DJ3*1£f)teO. 5 Pa, S4Rffl*^MJd*iX-?f 

timi££tiZ> 0 A l *Ko^bMf31fijKj 2 BBotrti 

V\ Sfc* A 1 CDK<b«tatt. »*#Hft*^*3V>TA 

i©^y*yy^S:i55:45rfci:io, a l 

y y^I8iia-IST*3lfti5. Sfc, Alx 

*«tt^^<— y— s 4 te, h ^*^«st^sEft 20 

[0 0 2 6] (3) mstc^-TJ;?^ Ii^Ktt^^ 
y >^fc±o*BIUfcCo»i|-e»j«Six, :^)Coi 

Rtt 10-100nm, »tt<tt30n m^)gf(: jo 
W. Ar O;*f;*EE;f7te0. 5 Pa. SKtaEliSlI:* 

n^KjtsjxSo y >^i:#o^^ia^ 

t'^Ar (O^EA^rl l «tt»(D»^ J: 5 /hS < M 
It^ItHJ:^ g2«ttl5^i8*j:lOO0eg 
SKKjeSixSo *2*«tt^— 9— 11* 

»tt^-*-Ji4i:n«te»ritasjx« il gpt> % i2t 

U *^2 Bra<^rtS«aft«S:i-5 r fcicfc 9 A 1 40 

So 

[0 0 2 7] (4) g)9^tJ:9(^ I2«tt7^< 

±M8 Lfc N i so F e 20 SKt*M § 2v :(7)Ni8oFe 
20 WMtt 10-100nnu L<|j:3 0n m^BIl? 

K*3l^Ti£«£;ft,5 0 *'*;y* y i^fclMLN i 80 F e 20 

17 — filKW, ATiDtfxEEjjftO. 5 Pa, £«&ft so 



[0 0 2 8] (5) BlOCStiiK, fg3B£tt/l 
7, *2*ltt^-t-l6, Jg2ai4/15, f&lft 

T«ti2ll:Cltftl 
3, «l*«tt^— 9— §4. »2«tt»5, I2lf 
l3ltt!7^1«SiJ 

J*£*u — 1r/u<DlT^Xttfc£;ttf liStfSO. l 

[0029] ( 6 ) H 1 1 iC^i" ± y y — fer/u 

IWI-*ft**9S:aR-t-So »»#9f4, fci:x.flCVD 

(s i 02) gKrJBritU ^t^^ey-t/Hw 
^KftlWI^*litCMPife»teJ:91k5lft* % 
liicij Mtit-tZo 

[0 0 3 0] (7) Hi 2^1" J; 9^ ^3^ttii7 

©±»««8«I7— K*S:*iaTV^5. ±8ttfi8li, 
fc^f^^^^yy^Cr, Cu, AK A u^(7) 
&JR»JBt£r3! 3 $£<I4J1 7 _b*5 J: VHft»#: 9 ±teU£« U 

[0031] (8)11113 {CTfc-r «t 9 f-, -bSPm^ 8 _b 

y^ayfiioit fci:ArilMta*i«, psg 

[0 0 3 21 *»Wfc«S«ttp<*y— ^*3l^Ttt, * 

4»«Ji^#B«3go«ffiSSr#-t-s^^y---fe/u 

o-Cr^BIII, Co-Cr-Tallfti, Co- 
Cr-Ta-Pt|«ttl^ 0 rixfeo«tt»S:i6J 

Ktt«tt5 0 OOeS*. Co-Cr-Ta*Ittilil 
OOOOeSS, Co-Cr-Ta-Pt^Ittfli30 
0 0 0eS*O«»*S:#e>n5. 

[0 0 3 3] (^2 OHJSO^flg) HUB, *¥&W<D 

m 2 (DnmtDj&n^&zmvkTt- * y —cd^ ^ y -t/wr 
u-r Sr^i-iHiKBi-efc5o Hu ^^SfetT^ bit as 
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Bi-efeSo #«tt*«i±fc»i«ttB3, fgi^ss 

*ttilBBlc3WT*rt»cftaJ:5*j:»iJtSJxTv^ a fgi 
S8ttS3(0««*ttfci:itf3 0 O0eS«T% ^2^14 

^tc, »3an4»7<^«a^«[*t»< sooesarcfc 

Siiii 8*5«fctf!g2«ffii 9 j*, affile 

/u) *r**iitfJ:5»Ji»**nTv^6 0 Silffii8i3 
±tfJK2««l 9ttl*©-fe^*SfC!i:?lJfi<j^S!«S 
*LT*3»!K 8 ti2lil 9 tCOW^^^V 

[0 0 3 4] 116(1 !7 — K*8^«ffi03K«^rRj#t 
T+4>*#4«aEliS:SELfc«tttt»*>S 0 !7-K^8 
*»fe»4i-6*J|iH:ttB5±"WWHa 9 T*fc 9 % % 1 G&tt 20 
S3, fg2i&t£ji5, »3«tt»7 0«ftOfS]#tt±"C 

[0 0 3 5]ai7lt !7- K*8(C«SB<0*«*C|ft»t 
TH16 tottllBJ: 9 fc/hS*Bf*©«* 1 2 SrSKUfctt 
fi|-t*fc£ ( 1 1 > 1 2) o !7— Ki*8^6»^i-S«#tt 

t-J: 5««*0/hSv^JB3«tttJi 7<o«^k<D*SrRteb 30 

Tl^o r<Z>«K *3«ttH7 0«ft^rRlt^*l«tt 

ji 3 tm2mvkm 5 om^n^ ^^ffc^ot^ 

JBlttSl 8 £Jg2m«l 9IHofijH:M:Bl 

[0036] Hl8fi, 17— Ki»8lC«ffi«)*«^l$l»t 
T117 (Dm&£ ] 0M< 1 6 «fc 9 fefiV^Bf3tO« 

«Kl3S:acUfc5Rffi-Cfc5o Hi 7iR*|:!7-Ki8 

mSt^tp-r6^<t^J: , 9S3attii7^a<t:, *3J:t/ 40 

3»«=Ji 7 i 9 < IB 1 i&f£g 3 £ D /h* 
v^JB2«ttH4O«<fc«:K*sLTv^ 0 r©tt*, SB l 
SSttJl 3 CO fltfbom # *sfB 2 ^14/1 5^:13 7 <D 

*3±15*2««1 9 4:©|R|(?5««:ttiai 7iD«t«i:f4* 
[0 0 3 7] i^±<7)J; <MC> #«©«tt«<OB£<t;0|p]# 
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[0 0 3 8] Hi 4 ItZm-T* ^ y — -fe/UT W £ffll^T 

*&w<Dm 2 osafe<o^iBJ-«<5«tt^ * y —©mas* 

y— fe^3ftS#ff SI, S2, • • Sm 

iWl, W2, • • • „ Wn«^tl^c 114 
tc^T^y — ir/H 1 ^^^^AT^-fe^lEftSrtT 
v>fc^ir Sfctt, !7-K^Wl^iry^«Sl^lS?r 
SfcLT-^^o «ft«>rRj#36S2ElRl*d*lRlt^W:, SSIt* 
^-^Ej^DECY 1 {c£ OlE^y— KtiS^ifT^ 

-^0»DECX^5)t^jBS 1 Kifcft,3!B»-fe>'* 
E»17— K««fcll*9a^6*rttt— *rt]"C 

fcS«fc5Ki3. ^*y-t;Hll:illEftt^Iff 
ilBft!7— K«#*SRP*nSixSo !7— K*Wl i-fe^* 
iRS 1 i^iS^/^*!^ h/^^ct £#5 OOe. 1 

0 OOe. 3 0 OOetDlvfna^&S <fc 5 fc!7 — K&W1 
i-fe^*g|S 1 ^8Kix5«*Sr»M6'r«« rcD««fEtf>W 

filHl 7^*-r«ft<D|p]#dS»6iX, lOOOeCDittC 
J±(2 1 8 \Z.^-tmit<Ofa%1£%hfr, 3 0 O0e<£>i#tC 

1 tcten i 6 7!/^e] i 8 tc^-r 3 ttflr^iBftdSnriB-c 

£>5o ^^y — fe/n 1 fclBSkSixfcflMBttfitteoaeffc 
t LtiiHii 8 joJ:^2Hii 9-e«E*tHSix, 

[0039] ^tc, ufe* ^ y -osa^&^i^pj-r 
5 0 ia i 9 ibmm 2 s ^ , K+t^^-y— $r#aiiitxsft 

[0040] (1)1219 t^-r £ 5 *»ttss 1 

iiKi3, y- 

u|Bt«Sti5c HKttl3|j:, ^Ico^cd^ 

>^t5o S 1 #8tt^^-t-l 4 i 45 C u*iO 
l-10nm(Dl?^, »^U<lj:3nmC0ll¥i: 
y^^lt Cu^-^y h^fflLT, DC^°!7- 
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0. 3kW, A r (D#*flE;ftO. 5Paf, *T;tli.fc 

[00 4 1] (2) JEt-. IfI— W^^y^y 

y^'t+^-tr, 112 o^-r«t9fr, Sli#B£ 

tt^^-t-i4©i$I±l: < £5 2B£ttJl5, £5 2# 

esta^-;— y— ji 6 <D*n^tL%&m.m\zwti$.-fz>* m 

2^£Ji5f4C o«jgT-®Jj££*l,, S&2#flStt*'<— ■ y- 

fiE^5„ BP*,, ^s/^!)y:/©i:#©ArO#x)E 10 

£ 2 8*14® 5 ©ffiHBtfjfiSR 1 8£t4® 3 J: 9 /h£ < 
tlZo f 2 6 OC u y ? 

si«it^-t-@4t/i5Cuii)g© 

Xs<-y?])>?tm—<7>3iftT~£.\<\ o£9, DCv^ 
^ hD>X/-!7?!Jy^| : ffll,N, l-10nm©fj, 
& £ U < (4 3 n m <K>Wf t ft 5 <fc 9 K*tffi1-*U4 <fc l\ 
[0 0 4 2] (3) HK, 5I#«*. 

>^'ft^-tt-, in 2 nc^-r«t9^, m2#m 

5. SfS 35&I4JI7I4, NiBFeaiW^Stl, US 

[0043] (4) 1212 2(c*i-«t 5^, m3m&m 

8fiX-!-t-g4. £i 1 BSte/S 3 ^ibftSSNifllatK 
5» US iB£t£Jf 3, JBi#«tt^— 9— m 

4, H2S£t4Jf 5, £5 2 #M&t£*-<— 9— Jf 6 , *53S£ 30 

7thy y^9 7^aiifejBritLfc7* hu-^ 
[0044] (5) 111 2 3{zm-f-i. 5tC ^^y-t/u 

IW»«rtas»iffiKS*i,5IISi««i 8*JJ:V»2««1 
9SrH?fiR-T5. Ullil 8*5j:T*£5 2«fiil 9(4, ^ 

*«ttO*r»«5RS:CMPjfe*lcJ:»)lSi9»**ffiSrSF 
rtiao »*i-5„ 

[00 4 5] (6) H24K*i-J:5tw. l3)8ttS7 
±. Iligl 8*5j;tf£52«il 9Jb£rH5:£B(;i*fe 
i!9AtMt5o <&fi:S3S9 AttfcixJiCVDjEfeT- 

0 0-4 0 0nm©BlfM$tl5o 
[0 0 4 6] (7) B2 5K*tJ:5t, i«R9A± 
(-17- KH (j3.ttJ{±»««) 8 ^«^t5„ r<D!7- 50 



^^3W- 11-176149 

12 

K*ft8f4, fctitfx^y^JJy^fCr, Cu, A 
[0 0 4 7] (8) £5 1 <£>HSS<7)ff$?»<0 

[0 0 4 8] (£53 (ommnmm) m 2 6 14, *^b^co 
3 ^ y —<d** y —tsur 

\sj &7rftmt6mi*$>Z>. 12 6<7)-5Tigg££-C*^LfcgB 
#dS^y— - fe/H^+a^i-So 132 7(4, *$£W<D&3 

<Dmm<omnizmz>m&* * y — ©— »»rffi«4«Bn?*> 

5. £ibM, 122 8(4, rco^tt/^-y — KM^-y — fe 

/KOeEBS^ffiHT'fc-S. H 2 8 (^-T i 7 (-. #3§9! 

<£>si 3 <om&<oi&mic&2 > m&* * v —<d*^ y — 

(4, *«tt*«l±fc*l«H4Ji3, 

t-14, £5 2S£14Jl5, JS2#«tt^'«-t-l6, 

mm 5 , is 3 atts 7 w*ixJe*T,©«{is5S jMtt»4«iffi^ 

&mjjtetzbx-t£3 O OOeUStX, £52^S5<D^ 
^J(4^rixJ: 9 &«V*1 0 O0eMST*;fc5, $5>^, £53 
«ttS7CD«:^(4S{)il< 5O0eS*T*fo5„ 1t$81E 
»^!7-KiSi8l4aS^W±a5 (£fc(4TSB) (^58t4Jl 

mi 8ist.vm2mmi 9(4, m&m<nmitmmmk- 

tf4 9(-ff2/&£2xTl^5 0 r^T'Wt!)- ir/KOW 

5t»4, **W(c(4tfia>rc'ii 1 5 t^^-r*; 2 <?>&m<omto 

[0 0 4 9] ^JSfDf^^Satt^^y— !i*5V^-C 
(4, HI 2 7{^-TJ; * y — fe/i'Sr&A/T-^&Ji 

<nmYMM,mt WCJiftt 5-*t«>-fe S ^{fx. 

T*5t), — *fco-feV^^Sco— ^(c(4£5im® 1 8*s« 
M«J(cSi^$ix, fte.^-{C(4£5 2m«l 9 *s*«tt^S51tt 
$titv^ 0 — *<^-fe>-^i»Si3«fcU5£5 lUfill 8/iM^ 

2 ffifii i 9 a3fls 9 tiai-3pas®ttt«BKt-Jtc 9 » 

<D-fe>-^^S(4, £51®£1 8 tm2WMl 9 
lffifiil 8 t£5 2«fill 9 b<r>T$\c\tMl5<Dr$%:mM.#} 

^m-r^nmw 9«$nTv^. 9 tc(4fc 
[0050] 026 (c^-r^tt^ * y — =e y — t/i- 

<9le]S§ia£-JlV , >-C, *^CO£5 3CDHJg(Dff^(C 
^S^tt^^-y-SrlftB^^-So *^0Ji75£5 3<O^JigcD?g 
^(c#.SK14p< ; ey-(4, —^(Dlz^^WkfrbteZ^y 
^7S1, S2, • • •, Sm*s***iE5iJSix. 



# 



(8) 



0 



¥11-176149 



13 



14 



:oty^»^rsi, S2, • • •> Smd^ts 

ctpl-17-KjBWl, W2, • • • , Wn^fifc£*VC 
5 0 i 2 6 l:*5V^t^ * 9 1 1 1:7 >^A7 ^ -fe 

r s 1 b-c^s,, «ft^iRi*isfiiRi# 

Ilf^-«DECYUa 915® 

IhISSD ECY2C<tD fe Tift «fc otft 10 

TS IO— ^StttLSffift-fe^^flliJtttt, E«!7— K« 
«EtM*9«fEix5*|p)tt— *IrJ"CJ:< , tail 

y— te/W 1 ^ttE»-fe>^«#i:E»l7— K«JM*I? 
#n£it5o 7- KUwi i*y^ifts 1 t^iS^iB 
Sk*^ h^0>*# $#5 OOe. lOOOe, 3OO0e(Z)V^ 
-ffuWcttSJ; 51-17— FlWl ir-fe^iS&S 1 trSttix 

* h/K7);*C# £j&5 5 O0e<Dt 1 0 00e(D^> 3 0 20 

5 Q «±OJ:5^ E»!7-K«i«(OiSi#i:-&^«»-< 
^ h/u^SSifcEftUfev^W-JSCT^srii 
~C\ ^ * J -t/u 1 1 CI4 3 1«t©E»*s nrn-efc 
5 0 **y~ fe/H l^E»S*Lfc««tt»a:©»b4: 
Uty^7S iTK*tHStL, r^tt^UJSix*: 
ff^te-trvxlf^TS 1 £11 LT-tr^T s a 

[005 1] «±(OJ:9(:, ty^rsi, S2, 

- • smfc««»^yij^>«^y— 30 

r^tcj;^ iry^i^TSl, S2, • • Sm(C 
Sfi! £ it 5 * y ^-fe/Hfcj&s*iJD LT fc-fc V^H^T S 
1, S2, • • SmO^S0t^t§AP^BSlhT*#5o 
cfcoT, irV^Jft^TS 1 , S2, ■ • SmCgi 

xzz><ox\ ^*y— */u*cE»**tfc*«ot(kaj*« 

[0 0 5 2] m4<DmM<Dffl£) 12 911 *%£W(D 40 

* 4 o^JSo^f^s^ft^ * y -o^ y — fe/Ko 
ttlMiarBia^fcSo 1 ±fc* 1 3 , 
il*«tt^-t-i4, «2Btti5, ^2#«tt 

l3Ettl7^1JtlT^^ 0 Ml 
»2«ti=Jl5, *3«tt«7<7>^:Jx^tL<D« 

fb**«ittiBnB^ ft 5 «t 5 $ ixr v ^ 

5o *l«1t«3 0««*fifct^Ltf3 0 OOeSft-C, 
I2»4i 5 0flW*ttt*tJ: 9 1 0 OOemST* 

$)^o £<btC, I3%ttl 7^>fi«*tt*t»< 5 OOe 

SSt'fc^o 50 



[0 0 5 3] lit, Sl*Itt^^-t-i4, 12 

I2«tt^^-t- « 6 co^Erix^ixfi 
R-CJBrilSiX, :©Cu«10-30nm, 

< tt 1 0 nm^Kff^isv^TiSasttSo 

^DC^!7-iiO. 3KW, ^SI^tlTWtt 
#XX~$>Z>Ar <DtfX&.fittL0. 5 Pa, SfifiAtt^ 

[0054] ^as^jBuiKasatt^^y — <o^*y 
McomM^m z>m&* ^ y — * y —tr^r i^-r <t>imi 

±», **tt»cJ4fl!3aittJi7 0*BBJbt*ttJlo«fls 

^J;r;i2iii9ii m&mvmfc&Siibb—Wcrz 

C«^tlTt^ 0 Sllil 8*5±t5jB2««l 9te 
l*o-fe^«Sl2:B[WflaK*ttSix"C*5 (Bu* 

») , Iimi8^i2iii9 fc^iujfc^^y — t 

y— fe/W^*3V^Tf4, illil8^l2fil9^ 

ratc^v>r, »3«tt«7, »2*»tt^^— y— • 

6, I2ltti5, gl«tt^-ti4, flltt 
*3©*ix«L*:aiiU WVJBi«1t«3, |gl#G£ 

tt^-ti4, «2*attt^— y— 

18, ®2«ffil Qioil^H^LftV^^^itftS ir^W 

^fc t a. « iMfc£*BW> 6 ft a tftfftR 9Ataotss 

[0 0 5 5] Hioj; 5 tc, ^ y — k /istDlB&a&fct: 
»l«tiiJl3, |g2S£ttJi5, i3lttl70«tt| 

«ftit5rtl:±!!), Illtti3^bS3lttl7 

^1-5i&g#ft<ft5o iot, Ktt^ * y -(Dffltfftfs 

[0 0 5 6] £<bfc. **Mt«>»«»c«««tty*y- 
-fe^tt, t&^com 2 6 is^m 2 8 tc^-r^ 3 (ommcom 

i^SBtt^^ey- fe/W^t>3Bffl"C#5. i-ftto*>, 
— 2ttf)-tr S ^r*ii U HI 2 9 1 mm 1 8 

i 9^-^-fev^^sofifc*-^— Wc^^tu^o 
[0 0 5 7] Sfei:, *HJS^jg|R^«sa«4^^y- 

!7-K»8S:JI5l«tt«3<DT^^i"5ri: 
t>-C*5o Ml ^14^ 3, i3lttf7 



15 



(9) 



¥11-176149 



16 



[0058] £p>f^ &mm<oMmic&z>m&**r}) — 

-fe/H*, miWi&X 8*5«ktf®2®ffil 9 (*>J;UHrv 

**s) £® i 3 wTi-ff^-rs r t t>-t?# s„ 

[0 0 5 9] 

[0 0 6 0] £<bi:::*:$89iK:«fc*Uf. LT 
S/N]t«:4ffiFeft3fe»-C#5IS«HS«i9S*S-C#*. 

[Hi] ^©SiroSloficiSKtt^* 
y C»> * y — ir/WT W coEJSSHlT'fcSo 

[H2] ^m<r> , mi<DmM<Dmm^^m^^ 
[0 3] *Wftn%\<n>%fc<nm&\z.&z>m&**: 

y <o^ y — t/u<omt&inttm<oM9&iimmm-vibZo 
[m5] ^w^iaimmtowm^mzmtfi*^: 

y ro> ^& y — fe/KOfl&Oi««0itt««>«EBMB»fBHT?*> 20 

So 

[0 6] *&m<omi<omn<ommicmzm®.** 
y ©«3i^«fesriftig-f 5 jfs i »ifixsf-*sit * ^ * y - 

[07] *&w<Dmi<vmfa(DBm^&z>M®i** 

y co® 2 »J6xe»c*j »t S * * y ~fe A-rottBMBWrBB 

"CfoSo 

[0 8] *mw<Dmi<vmm<D&miz.mz>m.i±**r 

y®S3 KitXglciott S ^ * y — feyK7?tSB§^»fE0 

-efes„ so 
[09] *mm<7>mi<omm<Di&i&K&z>m&**: 
y w»4Kigxs(^*5its^ ^ y — t/K7?titB&^»fs0 

T-fcSo 

[0io] *&w<om\<n-gM<DMmkz.&z>m&.* 
=e y <o® 5 ®}itxa^*3tt s * * y — t A-0>*w&«»rffi 

0T*&S„ 

[011] *&w<vm i <vmm<vBm^&z>m i &?t 

*y©S6 «jfixgfc*$»* S > ^ y — fe/KZ>«BMK*rffi 

0r-foSo 

[012] *mw<Dfs i (onmoi&miz&zmm* ao 
^- y <o® 7 mmnmictoij s^^d ~t/Ko«i&i88gr® 

0T*feSo 

[013] *&w<Dmiv>mm<Di&mcm5m&?t 
^ y <o® 8 saisxet*jjt s p« y — tvwcoiai&fSEserH 

0T-foSo 

[0i4] *&w<Dm 2 <DmM<w&mizmzm&* 

* y y — fe/ur u--f co[elS§0-C-fcS„ 

[015] *&w<Dm2<r>mMff>tem\zmzm&* 

[016] 2 50 



So 

[017] *ftm<om2(DmM<o&mizmzm&* 

So 

[018] *&w<Dm2<Dmmmmi l z.mz>m.v}i* 

fcSo 

[019] *»E<a#2©5fe*©»tBte«5ia^> 

* y cDSHt;tri££!ft^-r s® l «[jsxe^«»t s ^ * y 
— fe/wro«EBS^BfB0-Cfe So 

[0 2 0] *»WO«2«Z)SaS©3g|B^ffi5«tt7' 

*y©f2 «3ix&u:*5i* S ^ y ~ir/Ko8El&iifc»TE 
0T'fcSo 

[02 1] *»M«5JB2<o3ll6«)^IB^ffi5«ttp< 

*!)©I3 aiaxarctti? s / y — feyurowiMKWrE 

0T'feS„ 

[022] *&w<Dm2<K>mm<nj&wnzmzmm?' 

y co® 4 MitXSi^fc it S ^ * y — fe A'OWMWfffi 
0T*foSo 

[02 3] *J8M«)JB2©Sat<0?gttfc«5«ttp« 

* y co® 5 »jSX8fc*5 it S * * y -*^©«WMK*riB 
0-e&So 

[024] *&m<om2<Dmm<Di&mcmzm&* 

* y W® 6 »JfiXSt-*5»t 5^*!) — fe/KO*BMKWrffi 
0X-foSo 

[025] ttm<o%2<n9m<i>tetBL\z&zmsE.* 

^ y co® 7 »ifiigfc*5tt S > y — fc/uroftfefKBrS 
0-C-feSo 

[026] *^b^co® 3 <K>-mm<DBm\z.&z>wm* 
y co> ^ y — t/u-r w comssmr-fes, 

[02 7] *»W«>3(S3 0*lfe(0«tt^ffi5«tt^ 

* y co^ ^ y — fe/wco-si5»rs^0-efcs= 
[028] *&W(om3<omn<Di&mi£mz>m&* 

•=e y co;* ^ y — fe^comB&SS^fS0T*fcs o 

[02 9] *%W(o&4<nmM<n>Mmz.mz>m&* 
^ y <o^< * y — feyKo«En&^»f®0-t?fcs. 

[0 3 0] ^*coatt^^ey — co^y— fe/ucop 
it£^i-»M0-e$>s„ 

[031] &5fccofigt£^ y -coJp®0T-3bSo 

[^COffc^] 

l 

2 Tgcm® 

3 ® i mmm 

4 *i 9— m 

5 ®2«14S 

6 ®2^®+t^-<— y— s 

7 ®3B£14J1 

8 ±%Wm. !7-K«8 
18, 19 



(10) 



¥11-1 



17 



18 



Wl , W2, • • • , Wn 7~ Kjft 

[mi ] 



SI, S2, 



DECY2 




SA 



DECY1 



DECY1 »1f3-« 

DECY2 m2^3-^[ga 

DECX t^-^EK 

SA «fey^TV^I3a 



DECX 



[02] 



8 - 










- 7 


6 










5 


4- 










3 


2 — . 


Tew* .. 




/ 









[B 


]3] 






8 ■— 








8 






7 




6 - 


\ 






6 




s?2W4» tn-.~m 


5 




4 - 








4 




85 1 WTCUS M : 


- 3 




2 — 








2 



[04] 



- ±gsa la:Q 7 



is: 



x: 



jgjjgjgjl 



7 
5 
3 



z z z 



8 
6 

4 

2 



[15] 



K — 



us: 



7 
5 
3 



[me] 



2 

_4_ 



118] 



• 



(11) 



# 



¥11-176149 



[0 9] 




6 

2^ 



[110] 



1 

5 
3 



6 V 
2 



7 
5 
3 



4, 

2. 



-7 

5 
3 



[01 1] 




[012] 
7*6 8 7 ? 6 



4 




- 5 

3 2 | 




-5 \4 

3 £v 






/ / / / 




[015] 



18 6 



7s 19 ^ 







*3*15Mi / 






\ 




*2#*tt4**-*-H / 


& . 


\ 




• i : 










«; 






















4 / / 3 





18 



[017] 



7 5 19 



*3*!&B M: 



3 



1 OtteJB M : 



7 7" 



1 



SA 



[01 4] 
DECY2 



18 



3^l9l2l8P 



18 



18 



ml 



18 



19 

,m2 



W1 



m3 



W2 



W3 



' mn 
'19 



] 



1" 19 



19 



Sm 
Wn 



DECY1 



II 6] 



18 



5 19 





,x 


r / 

J&3«£Ja M:-« / 






6 - 




: X i 
















4 




\ \ 










85 1 m&m M : 













DECX 



¥1 1 - 



[il 8] 



1 9] 



18 



■3-K»|,:(7)l 

/5 19 



6 - 




ra : 1 

X X 






XX 




4 






X 









[IH2 0] 
6 4 



n^7 




/ 



v 



[121] 



6 7 4 




1B .6 



[H2 3]- 
7 



7 

3/ 



[d)2 5] 



18 A 6 9A 

4- 



[024] 
7_ 



7 



5 1Q 



E § M -. ,v,.. f.JU *L-L 



/ 5 , 18 

/ /,3 / 



46 L 1« 8 /«_ 19 ■ /V 18 




[12 7] 



# 



(13) 



¥11-176149 



326] 
DECY2 



[02 9] 







18 




18 


p — 

SI 

— fc — 


f 


<12 J 


<13 . 


jrm 




19 


19 


18 


19 








r - Y 




19 




19 


19 




S3 

\, 


jrai j 


<32 , 


<33 . 


f 








is : 




Smjrnl j 




<m3; 


Pl9 ™ V 


f 




W1 


W2 


-W3 


Wn 



DECX 



18 


/ |.?-K*J/ 19 F 7 -Ftt | ' /l8i 




pi X fx\ 


. X;l / MKx-.;| 








\\\ 


•v v: ■ w. \ 




: 


f i 


p S528H3JB 


s \ V 

\ X 


Cv x X-. \ \ 







DECY1 



[03 0] 



\ 



84 

1- 81 



[03 1] 

W1 W2 W3 W4 W5 



11 12 13 14 

axtttcip 

24 

PIP 



31 



41 



51 



p; 

p: 



32 

IP 



33 



S3 



34 



54 



43 44 45 

IPIPIP 



35 



55 



S1 



S2 



S4 



S5 



